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OPPORTUNISTICALLY DELAYED 
DELIVERY IN A SATELLITE NETWORK 

FIELD 

[0001] Embodiments relate generally to communications 
systems, and, more particularly, to content delivery over sat 
ellite communications systems. 

BACKGROUND 

[0002] In some topologies of communications systems, 
groups of users share some or all of the system resources. For 
example, in some satellite communications systems, users 
share communications links for communicating With a ser 
vice provider via a gateWay. Communication services pro 
vided to the users over the shared links can be affected by a 
number of factors. One such factor is that link usage across 
the subscriber base can change in dynamic and sometimes 
unpredictable Ways over time. Another such factor is that the 
effective bandWidth of the link can change due to changes in 
link conditions (e.g., rain fade, etc.). These and/or other fac 
tors can cause sub-optimal (i.e., less than full) utiliZation of 
the satellite link. Additionally, usage patterns, such as mul 
tiple transfers of the same content to users sharing the satellite 
link, can further impact optimal utiliZation of the link. 
[0003] Some traditional techniques schedule a predeter 
mined amount of content to be pre-pushed to subscribers over 
a limited, pre-de?ned block of off-peak time (e.g., in the 
middle of the ni These techniques are limited in a number 
of Ways. For example, traditional techniques tend to leave 
appreciable amounts of bandWidth unused over time. Further, 
reliance by these techniques on anticipating possible future 
content requests can also Waste valuable bandWidth resources 
by sending large amounts of data that are never consumed by 
some or all of the receiving users. 

BRIEF SUMMARY 

[0004] Among other things, systems and methods are 
described forusing opportunistically delayed delivery of con 
tent to address sub-optimal bandWidth resource usage in net 
Work infrastructures that alloW subscribers to share link 
resources. According to some embodiments, content is iden 
ti?ed as delayable and assigned to a delaycast queue and/or 
service How. For example, a server system of a satellite com 
munications system identi?es content that can be delayed to 
exploit future excess link capacity through multicasting and 
to exploit subscriber-side storage resources. Some implemen 
tations attempt to exploit any excess link resources at any 
time, While others exploit unused bandWidth only during 
certain times or When a certain threshold of resources is 
available. Various embodiments also provide content scoring 
and/ or other prioritization techniques for optimiZing exploi 
tation of the delaycast queue. 
[0005] According to one set of embodiments, a method is 
provided for delayed content deliver), in a communications 
infrastructure that provides sharing of at least a communica 
tions link When communicating With at least some of a num 
ber of subscriber terminals. The method includes: receiving a 
number of content objects from a number of content sources 
at a gateWay of a satellite infrastructure; determining, by the 
gateWay, if the content object is a delayable object; assigning 
each content object determined to be a delayable object to a 
delaycast queue for delayed delivery over the satellite infra 
structure; identifying next-scheduled data from an associated 
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content object in the delaycast queue; determining dynami 
cally that excess capacity is presently available on the com 
munications link; and assigning the next-scheduled data to a 
service How for communication over the communications 
link. 

[0006] According to another set of embodiments, a gate 
Way system is provided for delayed content delivery in a 
communications infrastructure that provides sharing of at 
least a communications link When communicating With at 
least some of a number of subscriber terminals. The gateWay 
system includes a content processing subsystem and a com 
munications processing subsystem. The content processing 
subsystem is operable to: receive a number of content objects 
from a number of content sources; determine if the content 
object is a delayable object; and assign each content object 
determined to be a delayable object to a delaycast queue. The 
communications processing subsystem is communicatively 
coupled With the content processing subsystem and is oper 
able to: identify next-scheduled data from an associated con 
tent object in the delaycast queue; determine dynamically that 
excess capacity is presently available on the communications 
link; and assign the next-scheduled data to a service How for 
communication over the communications link Within the 
excess capacity. 

[0007] According to another set of embodiments, a system 
is provided for delayed content delivery in a communications 
infrastructure that provides sharing of at least a communica 
tions link When communicating With at least some of a num 
ber of subscriber terminals. The system includes: means for 
receiving a number of content objects ?ora a number of 
content sources at a gateWay of a satellite infrastructure; 
means for determining if the content object is a delayable 
object; means for assigning each content object determined to 
be a delayable object to a delaycast queue for delayed deliv 
ery over the satellite infrastructure; means for identifying 
next-scheduled data from an associated content object in the 
delaycast queue; means for determining dynamically that 
excess capacity is presently available on the communications 
link; and means for assigning the next-scheduled data to a 
service How for communication over the communications 
link. 

[0008] According to another set of embodiments, a gate 
Way system is provided for delayed content delivery in a 
communications infrastructure that provides sharing of at 
least a communications link When communicating With at 
least some of a number of subscriber terminals. The gateWay 
system includes a content processing subsystem and a com 
munications processing subsystem. The content processing 
subsystem is operable to maintain a queue of identi?ers cor 
responding to delayable content objects. The communica 
tions processing subsystem is communicatively coupled With 
the content processing subsystem and is operable to: deter 
mine that excess capacity is presently available on the com 
munications link; identify a next content object to request 
according to the queue of identi?ers; request the next content 
object from an associated content source in response to deter 
mining that the excess capacity is presently available; receive 
the next content object at the gateWay from the associated 
content source in response to the request; assign the next 
content object after it is received at the gateWay to a delaycast 
queue local to the gateWay for delayed delivery over the 
communications link; and assign data from the delaycast 
queue to a service How for communication over the presently 
available excess capacity on the communications link. 
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[0009] According to another set of embodiments, a method 
is provided for delayed co delivery in a communications 
infrastructure that provides sharing of at least a communica 
tions link When communicating With at least some of a num 
ber of subscriber terminals. The method includes: maintain 
ing a queue of identi?ers corresponding to delayable content 
objects, the queue of identi?ers being ordered according to 
priority; determining dynamically that excess capacity is 
presently available on the communications link; identifying a 
next-scheduled content object from the queue of identi?ers, 
the content object being associated With a content source; 
requesting the next- scheduled content object from the content 
source in response to determining that the excess capacity is 
presently available; receiving the next-scheduled content 
object at the gateWay from the content source ire response to 
the requesting step; assigning the next-scheduled content 
object after it is received at the gateWay to a delaycast queue 
local to the gateWay for delayed delivery over the communi 
cations link; and assigning data from the delaycast queue to a 
service How for communication over the presently available 
excess capacity on the communications link. 

[0010] According to another set of embodiments, a system 
is provided for delayed content delivery in a communications 
infrastructure that provides sharing of at least a communica 
tions link When communicating With at least some of a num 
ber of subscriber terminals. The system includes: means for 
maintaining a queue of identi?ers corresponding to delayable 
content objects, the queue of identi?ers being ordered accord 
ing to priority; means for determining dynamically that 
excess capacity is presently available on the communications 
link; means for identifying a next-scheduled content object 
from the queue of identi?ers, the content object being asso 
ciated With a content source; means for requesting the next 
scheduled content object from the content source in response 
to determining that the excess capacity is presently available; 
means for receiving the next-scheduled content object at the 
gateWay from the content source in response to the requesting 
step; means for assigning the next-scheduled content object 
after it is received at the gateWay to a delaycast queue local to 
the gateWay for delayed delivery over the communications 
link; and means for as signing data from the delaycast queue to 
a service How for communication over the presently available 
excess capacity on the communications link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present disclosure is described in conjunction 
With the appended ?gures: 
[0012] FIG. 1 shoWs a block diagram of an embodiment of 
a satellite communications system having a server system in 
communication With multiple user systems via a satellite, 
according to various embodiments; 
[0013] FIG. 2 shoWs a simpli?ed, illustrative satellite com 
munications system With a satellite communicating With a 
number of subscribers over multiple spot beams, according to 
various embodiments; 
[0014] FIG. 3 shoWs a simpli?ed block diagram of one 
embodiment of a client-server communications system for 
use With various embodiments; 

[0015] FIG. 4 shoWs a simpli?ed block diagram of an illus 
trative communications architecture in Which a server system 
is in communication With content sources and user systems, 
according to various embodiments; 
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[0016] FIG. 5 shoWs an illustrative computational system 
for implementing functionality of a server system or a user 
system, according to various embodiments; 
[0017] FIG. 6 shoWs a graph of bandWidth resource usage 
for a typical communications system over the course of an 
illustrative day; 
[0018] FIG. 7 shoWs a simpli?ed diagram to illustrate 
scheduling Without delaycasting functionality using a link 
scheduler module; 
[0019] FIG. 8 shoWs a simpli?ed diagram to illustrate 
scheduling With delaycasting functionality using a link 
scheduler module, according to various embodiments; 
[0020] FIG. 9 shoWs a How diagram of an illustrative 
method for implementing certain delaycast functionality, 
according to various embodiments; and 
[0021] FIG. 10 shoWs a How diagram of an illustrative 
method for exploiting delaycast functionality using gateWay 
initiated requests for content objects, according to various 
embodiments. 
[0022] In the appended ?gures, similar components and/or 
features can have the same reference label. Further, various 
components of the same type can be distinguished by folloW 
ing the reference label by a second label that distinguishes 
among the similar components. If only the ?rst reference 
label is used in the speci?cation, the description is applicable 
to any one of the similar components having the same ?rst 
reference label irrespective of the second reference label. 

DETAILED DESCRIPTION 

[0023] In a communications netWork, a service provider 
can facilitate communications betWeen content producers 
and content consumers over a communications infrastructure, 
Each communications transaction uses infrastructure 
resources, like bandWidth. As the numbers and/or siZes of 
those transactions increase, resource limitations can become 
an issue for the service provider. In certain topologies of 
communications systems, like satellite communications sys 
tems, groups of subscribers can share some or all of the 
infrastructure resources. Accordingly, shared bandWidth 
resources can be exploited by subsets of subscribers by 
employing techniques, such as multicasting. 
[0024] Some traditional techniques schedule a predeter 
mined amount of content to be pre-pushed to subscribers (in 
anticipation of potential requests by those subscribers) during 
a block of time When at least a minimum amount of band 
Width is very likely to be available. For example, in the middle 
of the night, subscriber usage tends to fall dramatically for a 
feW hours, and anticipatory content delivery can be scheduled 
for that time. HoWever, these techniques still tend to leave 
appreciable amounts of bandWidth unused over time. Further, 
reliance by these techniques on anticipating possible future 
content requests can also Waste valuable bandWidth resources 
by sending large amounts of data that are never consumed by 
some or all of the receiving users. 

[0025] Embodiments provide novel techniques for oppor 
tunistically addressing sub-optimal bandWidth resource 
usage in netWork infrastructures that alloW subscribers to 
share infrastructure resources. As used herein, the “opportu 
nistic” techniques broadly refer to techniques for dynami 
cally optimiZing infrastructure resources based on present 
usage of those resources. Embodiments implement opportu 
nistic time shifting and/or opportunistic delay shifting tech 
niques. For example, some novel techniques are described in 
Which present resource usage in?uences exploitation of un 
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provisioned bandwidth resources through delayed content 
delivery, while other novel techniques are described in which 
present resource usage in?uences exploitation of shared 
bandwidth resources and client-side caching through multi 
casting. These and other techniques are described more fully 
herein. 

[0026] In the following description, numerous speci?c 
details are set forth to provide a thorough understanding of 
various embodiments. However, one having ordinary skill in 
the art should recogniZe that the invention can be practiced 
without these speci?c details. In some instances, circuits, 
structures, and techniques have not been shown in detail to 
avoid obscuring the present invention. Further, terms such as 
“optimize” are intended to connote a relative or desired out 

come, rather than an absolute outcome, and should not be 
considered as limiting potential embodiments. For example, 
embodiments described with reference to optimiZation are 
intended to include even variations deemed to be sub-optimal. 

[0027] Turning ?rst to FIG. 1, a block diagram is shown of 
an embodiment of a satellite communications system 100 
having a server system 140 in communication with multiple 
user systems 110 via a satellite 105, according to various 
embodiments. The server system 140 can include any suitable 
server components, con?gured to provide various server-side 
functions, including server-side infrastructure functions and 
various content and media optimiZation functions. For the 
sake of simplicity, FIG. 1 is illustrated as having a single 
gateway 165 in communication with one or more content 
servers 160 via a content network 155. However, each of the 
gateway 165, content network 155, and other components, 
nodes, or networks is intended to be illustrative of function 
ality of one or more components. For example, the gateway 
165 can be implemented as one or more gateways 165 in 
communication with one or more base stations, hubs, ground 
stations, backhaul networks, etc. Further, each node and/or 
network can be in communication over various types ofcom 
munications links, such as leased high-bandwidth lines raw 
Ethernet), a virtual private large-area network service 
(VPLS), an Internet protocol virtual private network (IP 
VPN), or other types of public or private, wired or wireless 
network. Accordingly, references to a “gateway” are intended 
generally to include any components, nodes, or networks 
used to implement functionality of a satellite communica 
tions service provider; and references to a “content network” 
are intended generally to include any public or private, wired 
or wireless (e.g., short-range or long range, cellular, satellite, 
etc.) networks components, nodes, or networks used to 
deliver content to the gateway 165 as desired. 

[0028] In some embodiments, the gateway 165 is con?g 
ured to implement relatively simple routing functions. For 
example, the gateway 165 can receive tra?ic from the content 
network 155, determine which of a number of spot beams 
and/ or carriers should receive the tra?ic, and route the tra?ic 
accordingly. In other embodiments, the gateway 165 per 
forms relatively complex functions, including, for example, 
network security, accounting, content acceleration, trend 
analysis, signal processing and/or encoding, etc. In still other 
embodiments, multiple gateways 165 share some or all of the 
desired network functionality. For example, it can be desir 
able to perform certain functions in one location, perform 
other functions in a distributed manner, and perform still 
other functions in a redundant manner. As illustrated, 
embodiments of the gateway 165 include, are in communica 
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tion with, and/or implement functionality of a server opti 
miZer 150, which will be described more fully below. 
[0029] As traf?c traverses the satellite communications 
system 100 in multiple directions, the gateway 165 can be 
con?gured to implement multi-directional communications 
functionality. For example, the gateway 165 can be con?g 
ured to receive data and information directed to one or more 
user systems 110, and format the data and information for 
delivery to the respective destination device via the satellite 
105; or receive signals from the satellite 105 (e.g., from one or 
more user systems 11 0) directed to a destination in the content 
network 155, and process the received signals for transmis 
sion through the content network 155. The content network 
155 can be any type of content network 155 and can include, 
for example, the Internet, an Internet protocol (“IP”) network, 
an intranet, a wide-area network (“WAN”), a local-area net 
work (“LAN”), a virtual private network (“VPN”), the Public 
Switched Telephone Network (“PSTN”), and/or any other 
type of content network 155 supporting data communication 
between devices described herein, in different embodiments. 
The content network 155 can also include both wired and 
wireless connections, including optical links. 
[0030] As used herein, the terms “content servers” and 
“content sources” are used interchangeably and are intended 
broadly to include sources of content in which the users can 
be interested. For example, a content server 160 can provide 
website content, television content, movie or audio content, 
?le sharing, multimedia serving, and/or any other useful con 
tent. It is worth noting that, in some embodiments, the content 
servers 160 are in direct communication with the server opti 
miZer 150 (e.g., not through the content network 155). For 
example, the server optimiZer 150 can be located in a gateway 
that includes a content or application server. As such, discus 
sions of embodiments herein with respect to communications 
with content servers 160 over the content network 155 are 

intended only to be illustrative, and should not be construed as 
limiting. 
[0031] Various types of functionality are described herein 
relating to communications between the server system 140 
(e.g., the gateway 165) and one or more user systems 110. 
Server-side communications will also be referred to as com 
munications relating to the server, service provider, or the 
like. User-system-side communications will also be referred 
to as communications relating to the user, client, subscriber, 
consumer, customer, or the like. For example, many functions 
described herein are only available to subscribers of certain 
services from a service provider. The service provider can 
own and/or control some or all of the components that facili 
tate the functionality, such as the gateway 165, the server-side 
antenna 145, the satellite 105, etc. In some embodiments, the 
service provider also owns some or all of the subscriber-side 
antennas 115 and other user system 110 components (e. g., the 
subscribers can lease hardware from the service provider, 
including antennas, modems, set-top boxes, etc.) In other 
embodiments, the service provider further owns some or all of 
the content network 155, content servers 160, etc. 

[0032] As will be described more fully below, embodi 
ments of the user systems 110 are con?gured to perform 
various types of functionality using a client optimiZer 120. 
For example, the client optimiZer 120 can help manage con 
tent requests and content delivery. In some implementations, 
the client optimiZer 120 is in communication with the server 
optimiZer 150 of the gateway 165 in such a way as to effec 
tuate advanced optimiZation functions. For the sake of sim 
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plicity, certain client-server types of functionality can be 
referred to as involving communications over a virtual (or 
logical) client-server link 152, though this “link” may, in fact, 
include a number of physical links from one or more com 
munications infrastructures. For example, the client opti 
mizer 120 and the server optimizer 150 can act as a proxy 
client and a proxy server, respectively, in communication over 
a proxy tunnel (i.e., the client-server link 152) that facilitates 
acceleration, optimization, and other functionality. 
[0033] In some embodiments, the user systems 110 include 
one or more customer premises devices (e.g., set-top boxes, 
televisions, home netWork devices, etc.), referred to as “cus 
tomer premises equipment” or “CPE” 130. Embodiments are 
also con?gured to implement a home content distribution 
netWork (CDN) 125. The home CDN 125 can include any 
useful types of storage and/or netWorking components. For 
example, embodiments of the home CDN 125 can include a 
single storage device (e.g., a server or disk drive), distributed 
local storage (e.g., a RAID array, set of servers, etc.), net 
Worked storage (e.g., using a local area netWork, a storage 
area netWork, “cloud” storage, or the like), etc. Various 
embodiments of the client optimizer 120 are con?gured to 
manage (e.g., direct, monitor, etc.) functions of the CPE(s) 
130, the home CDN 125, communications among those com 
ponents, communications betWeen those components and 
other nodes of the satellite communications system 100, etc. 
[0034] For the sake of illustration optimization applications 
are con?gured to run at the server optimizer 150 and the client 
optimizer 120. These applications can Work together to opti 
mize bandWidth resources through novel techniques, such as 
“delaycasting” and opportunistic caching. One or both appli 
cations can identify particular content as “delayable” and 
assign the content to a delaycast queue, Which can be imple 
mented as part of the gateWay 165. Over time, the server 
optimizer 150 identi?es presently available bandWidth (i.e., 
not presently being used by user systems 110) and multicasts 
content from the delaycast queue over that available band 
Width. The delaycast content can then be opportunistically 
cached at the users’ home CDNs 125 for potential future 
consumption. 
[0035] In one embodiment, the satellite communications 
system 100 includes a number of gateWays 165 distributed 
over a large geographic region. Each gateWay 165 is in com 
munication With the content netWork 155 via a high-speed 
connection (e.g., a dedicated high-bandWidth ?ber link). 
Each gateWay 165 is also in communication With, and handles 
communications for, up to tWenty base stations (e.g., tWenty 
feeder links). Each of the tWenty base stations is con?gured to 
service up to four user links by communicating content for 
those user links to the satellite 105 using an antenna. 

[0036] For the sake of simplicity, the multiple potential 
feeder links, antennas, base station communications, etc. are 
illustrated as a single communication via a single server-side 
antenna 145. The server-side antenna 145 can implement 
bi-directional communications With the gateWay 165 and 
With the satellite 105. As used herein, communications from 
the gateWay 165 to the satellite 105 via the server-side 
antenna 145 are referred to as the forWard channel uplink 172, 
and communications to the gateWay 165 from the satellite 105 
via the server-side antenna 145 are referred to as the return 
channel doWnlink 174. 

[0037] On the subscriber side of the satellite communica 
tions system 100, the satellite 105 is in communication With 
multiple user systems 110 via respective subscriber-side 
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antennas 115. The subscriber-side antennas 115 and related 
hardWare can also be referred to as a “user terminal,” a “sub 
scriber terminal,” or the like. Information sent from the gate 
Way 165 to the satellite 105 via the forWard channel uplink 
172 can continue on the forWard channel to one or more user 

systems 110 via a link referred to herein as the forWard 
channel doWnlink 176. Information can also be sent from the 
each user system 110 to the satellite 105 via its respective 
sub scriber-side antenna 115 over What is referred to herein as 
the return channel uplink 178. That information can continue 
on the return channel, ultimately being communicated from 
the satellite 105 to the gateWay 165 via the server-side 
antenna 145 over the return channel doWnlink 174. 

[0038] In various embodiments, one or ore of the satellite 
links are capable of communicating using one or more com 
munication schemes. In various embodiments, the communi 
cation schemes can be the same or different for different links. 
The communication schemes can include different types of 
coding and modulation combinations. For example, various 
satellite links can communicate using physical layer trans 
mission modulation and coding techniques using adaptive 
coding and modulation schemes, etc. The communication 
schemes can also use one or more different types of multi 

plexing schemes, including Multi-Frequency Time-Division 
Multiple Access (“MF-TDMA”), Time-Division Multiple 
Access (“TDMA”), Frequency Division Multiple Access 
(“FDMA”), Orthogonal Frequency Division MultipleAccess 
(“OFDMA”), Code Division Multiple Access (“CDMA”), or 
other suitable schemes. 

[0039] Embodiments of the satellite 05 can be implemented 
as a geostationary satellite, loW earth orbit (“LEO”) satellite, 
or aerial payloads not in orbit and held aloft by planes, blimps, 
Weather balloons, etc. Other embodiments could have a num 
ber of satellites 105 instead of just one. In one embodiment, 
the satellite 105 is con?gured as a “bent pipe” satellite, 
Wherein the satellite 105 can frequency-convert and amplify 
the received carrier signals before retransmitting these signals 
to their destination, but otherWise perform little or no other 
processing on the contents of the signals. There could be a 
single carrier signal for each service spot beam or multiple 
carriers in different embodiments. Similarly, single or mul 
tiple carrier signals could be used for feeder spot beams. A 
variety of physical layer transmission modulation and coding 
techniques can be used by the satellite 105 in accordance With 
certain embodiments, including those de?ned With the DVB 
S2 standard. For other embodiments, a number of con?gura 
tions are possible (e. g., using LEO satellites, mesh netWorks, 
star netWorks, etc.). 
[0040] For example, turning to FIG. 2, a simpli?ed, illus 
trative satellite communications system 200 is shoWn With a 
satellite 105 communicating With a number of subscribers 
over multiple spot beams 210, according to various embodi 
ments. The satellite 105 is illustrated operating in a multi 
beam mode, transmitting a number of spot beams 210, Which 
can each be directed at a different region of the earth. Each 
spot beam 210 canbe associated With a user link (e.g., a feeder 
link or a portion of a feeder link), and used to communicate 
betWeen the satellite 105 and a large group (e.g., thousands) 
of user systems 110 via their respective subscriber-side anten 
nas 115 (illustrated as subscriber terminals, or “STs”). 
[0041] In a given spot beam 135, some or all of the users 
serviced by the spot beam 210 via respective STs 115 can be 
capable of receiving all the content traversing the spot beam 
210 by virtue of the fact that the satellite communications 
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system 200 effectively broadcasts data between the satellite 
105 and various antennas. In some embodiments, each spot 
beam 210 is con?gured to send data over a number of carriers 
220 (e.g., de?ned by time, frequency, or code multiplexing 
schemes or combinations thereof). Each ST 115 can be con 
?gured to “tune in” to one or more carriers 220 at a time via 
its respective antenna. Some functionality is facilitated by 
selectively retuning the STs 115 to particular carriers 220 at 
particular times to receive intended data. 

[0042] Other techniques can additionally or alternatively 
be used to provide data only to a subset of the STs 115 in a 
particular spot beam 210. Some such techniques include tag 
ging content (e. g., using packet header information according 
to a transmission protocol) With certain destination identi?ers 
(e. g., an IP address), using different modcode points that can 
be reliably received only by certain STs 115, sending control 
information to STs 115 to direct the STs 115 to ignore or 
accept certain communications, etc. For example, multicast 
and unicast service ?oWs can be established, so that particular 
STs 115 can effectively subscribe only to subsets of the data 
traversing the links. Each ST 115 can then be adapted to 
handle the received data accordingly. For example, content 
destined for a particular ST 115 can be passed on to its 
respective CPE (not shoWn), While content not destined for 
the ST 115 can be ignored. In some cases, the ST 115 stores 
information not destined for the associated user system 110 to 
facilitate various functions, some of Which are described in 
more detail beloW. 

[0043] As described above, some content management 
functions are facilitated by server optimiZer(s) 130 and/or 
client optimiZer(s) 120. For example, in topologies, like the 
satellite communications systems 100 and 200 shoWn in 
FIGS. 1 and 2, respectively, vast amounts of tra?ic can 
traverse various portions of the satellite communications sys 
tem 100 at any given time. At least some of the traf?c travers 
ing the netWork can be intercepted and/or otherWise moni 
tored or affected by server optimiZers 130 and/or client 
optimiZers 120 for further processing and for additional func 
tionality, such as for acceleration and resource optimization. 
For example, client-server techniques can be used to facilitate 
delaycasting techniques described herein. Accordingly, much 
of the functionality of various embodiments can be more 
clearly described as a client-server environment Without the 
content of the underlying satellite communications systems 
infrastructure. To this end, FIGS. 3-5 illustrate illustrative 
client-server environments, components, and related func 
tions, 
[0044] Turning ?rst to FIG. 3, a simpli?ed block diagram is 
shoWn of one embodiment of a client-server communications 
system 300 for use With various embodiments. As in the 
satellite communications system 100 of FIG. 1, the commu 
nications system 300 facilitates communications betWeen 
one or more server systems 140 having respective one or more 

server optimiZers 150 and multiple user systems 110 having 
respective client optimiZers 120. The server system(s) 140 are 
in communication With one or more content servers 160 (e.g., 
any type of content sources over any type of communications 
links). The communications links betWeen the server systems 
140 and the user systems 110 are simpli?ed as client-server 
links 310. The client-server links 310 can include one or more 

of the same or different types of communications links, 
including, for example, forWard and return channel links of a 
satellite communications system. While illustrated as sepa 
rate from the respective user systems 110, the client optimiZ 
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ers 120 can be implemented as part of, in line With, in com 
munication With, or in any other useful Way associated With 
the respective user systems 110. 

[0045] In some embodiments, the client optimiZers 120 and 
the server optimiZer(s) 150 can be con?gured to effectively 
provide transparent optimiZation (e.g., acceleration, resource 
optimization, etc.) functionality to user systems 110. For 
example, the user systems 110 can implement one or more 
user applications (e.g., a doWnload manager, electronic pro 
gram guide, etc.) as a Web broWser, broWser plug-in or exten 
sion, media player, set-top box application, or any other cli 
ent-side application that can bene?t from the optimiZation 
functionality of the client optimiZer 120 and server optimiZer 
150. As described more fully beloW, functionality of various 
embodiments exploits multicasting (e.g., opportunistic mul 
ticasting, delaycasting, etc.) over the client-server links 310, 
While preserving transparency to the user systems 110. In 
some implementations, end user devices (e.g., CPEs 130 of 
FIG. 1) communicate With components implementing the 
client optimiZers 120 (e.g., satellite modems, etc.) over one or 
more local links that are implemented as a physical or unicast 
communications link; the client optimiZer 120 components 
communicate With the server optimiZer 150 components 
(e.g., the server systems 140) over client-server links 310 
implemented as one or more physical and/or logical unicast 
and/or multicast communications links); and the server opti 
miZer 150 components communicate With the content servers 
160 over one or more content netWork links implemented as 

one or more physical and/ or logical unicast communications 
links. 

[0046] For the sake of illustration, a user requests to vieW a 
video stream through a Web broWser running on a local ter 
minal (user system 110a). The request is issued as a unicast 
communication to a particular content server 160 (e.g., as a 

“GET” command), and the user application expects to receive 
a unicast communication in response to that request. In cer 
tain embodiments, the request is forWarded by the client 
optimiZer 12011 to the server optimiZer 150 over the client 
server link 12511 as a unicast communication. The server 

optimiZer 150 issues the request to the content server 160 as 
a proxy for the user system 110 and begins receiving the 
stream data in response to the request. The server optimiZer 
150 determines Which data should be opportunistically mul 
ticast 0 multiple user systems 110, and communicates that 
data as multicast traf?c over the client-server links 125 to any 
client optimiZers 120 con?gured to receive the multicast traf 
?c. For example, the data is communicated to the requester 
client optimiZer 120a and to non-requesting client optimiZers 
120b-120n. Each client optimiZer 120 can then determine 
Whether to convert the tra?ic to a unicast stream, Which it can 
then communicate over its local link to a destination. For 
example, the requester client optimiZer 120a can communi 
cate the unicast data stream to its requesting user application, 
and non-requesting client optimiZers 120b-120n can deter 
mine Whether to locally store the data (e.g., in respective 
home CDNs 125) or otherWise use the data. In this Way, the 
user application 107 sees the response as the expected unicast 
communication of the stream content in response to its 
request, While alloWing the server optimiZer 150 to transpar 
ently perform optimiZation functionality (e.g., including 
opportunistic multicasting). 
[0047] Various other functionality can be con?gured 
according to Whether data is being sent opportunistically. For 
example, in cases Where an explicit request is issued from a 
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requester user system 110a, embodiments use various tech 
niques to ensure reliable transport of the requested data at 
least to the requester user system 11011, The techniques can 
include selecting particular modulation and/or coding 
schemes, using particular transport protocols, using or avoid 
ing certain types of compression, etc. For example, requested 
content can be communicated to the requester client opti 
miZer 120a using a Pragmatic General Multicast (“PGM”) 
protocol, Negative-Acknowledgment (“NACK”) Oriented 
Reliable Multicast (“NORM”), or “RFC 3940,” protocol 
from the Internet Engineering Task Force (“IETF”), or any 
other reliable multicast protocol (e.g., Which can be a stan 
dard or modi?ed protocol, or included as part of another 
transport protocol). Similarly, it can be desirable to multicast 
content to non-requesting client optimiZers 120b-120n using 
a protocol (e. g., PGM) that does not result in NACKs, or the 
like, so opportunistic receivers are not compelled under the 
protocol to provide feedback on missed packets, etc. 

[0048] Embodiments of the optimiZer (e.g., the server opti 
miZer 160 and the client optimiZer 120) can be implemented 
in a number of Ways Without departing from the scope of the 
invention. In some embodiments, the optimiZer is imple 
mented as a proxy, such that the server optimiZer 150 is a 
proxy server and the client optimiZer 120 is a proxy client. For 
example, a transparent intercept proxy can be used to inter 
cept traf?c in a Way that is substantially transparent to users at 
the client-side of the proxy communication. In other embodi 
ments, the optimiZer is implemented as an in-line optimiZer. 
For example, the client optimiZer 120 is implemented Within 
a user terminal and the server optimiZer 150 is implemented 
Within a provider terminal (e.g., a satellite base station or 
gateWay, a cable head-end, a digital subscriber line access 
multiplexer (DSLAM), etc.). Other con?gurations are pos 
sible in other embodiments. For example, embodiments of the 
server optimiZer 150 are implemented in the Internet cloud 
(e. g., on commercial netWork leased server space). Embodi 
ments of the client optimiZer 120 are implemented Within a 
user’ s personal computer, Within a user’ s modem, in a physi 
cally separate component at the customer premises, etc. 
[0049] It is Worth noting that references herein to “inter 
cepting” data should be construed broadly to include any 
useful sloWing, sampling, re-routing, and/or other techniques 
that alloW processing of the data as required according to 
various embodiments. In some embodiments, tra?ic passes 
through the server optimiZer 150, Where it is “intercepted” by 
being buffered for analysis and processing. For example, the 
buffering can be used to sloW and accumulate traf?c for 
?ngerprint generation and analysis, as described more fully 
beloW. Notably, certain embodiments described as using an 
optimiZer component (e.g., the server optimiZer 150) to inter 
cept the tra?ic can actually be implemented by having a 
different component intercept the traf?c, from Which the opti 
miZer component can receive the intercepted tra?ic for pro 
cessing. 
[0050] Embodiments of the user system 110 can include 
any component or components for providing a user With 
netWork interactivity. For example, the user system 110 can 
include any type of computational device, netWork interface 
device, communications device, or other device for commu 
nicating data to and from the user. Typically, the communi 
cations system 300 facilitates communications betWeen mul 
tiple user systems 110 and a variety of content servers 160 
over one or more client-server links 152 and content netWorks 

(not shoWn). 
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[0051] In some embodiments, When the user system 110 
communicates With the content server 160, the server opti 
miZer 150 intercepts the communications for one or more 
purposes.As described above, the server optimiZer 150 can be 
part of a server system 140 that includes components for 
server-side communications (e.g., base stations, gateWays, 
satellite modem termination systems (SMTSs), digital sub 
scriber line access multiplexers (DSLAMs), etc.). In some 
alternative embodiments, server optimiZer 150 functionality 
is implemented via “cloud” services or the like (e.g., not 
implemented physically or location-Wise as part of any par 
ticular server system 140 component). 
[0052] The server optimiZer 150 can act as a transparent 
and/or intercepting proxy. For example, as described above, 
the client optimiZer 120 is in communication With the server 
optimiZer 150 over the client-server links 152, and the server 
optimiZer 150 is in communication With the content server 
160 over the content netWork link. The server optimiZer 150 
can act as a transparent man-in-the-middle to intercept 
upstream and/or doWnstream data as it passes betWeen the 
client-server links 152 and the content netWork link. Some 
purposes of the interception can include ?ltering, caching, 
parsing, and/or otherWise processing the requests and 
responses. For example, When the user system 110 requests a 
Web object from a content server 160, the server optimiZer 
150 can intercept and parse the request to implement various 
functions described herein. 

[0053] In some embodiments, each user system 110 and 
server system 140 can include both client and server func 
tionality (e.g., each can include both a client optimiZer 120 
and a server optimiZer 150). Indeed, embodiments are imple 
mented as a netWork device having both client optimiZer 120 
and server optimiZer 150 functions, Which can be deployed in 
various locations of a netWork. Further, references to a 
“requesting” or “non-requesting” user, user system, client 
optimiZer, or the like are intended only to suggest a particular 
user’s role for a particular transaction. The same user can be 
a non-requesting user in one transaction and the requesting 
user in a different transaction (e.g., at the same or different 
times). Even further, though only a single requester is shoWn 
for the sake of simplicity, a single transaction may involve 
multiple requesters, and/ or multiple transactions may be pro 
cessed concurrently such that the netWork includes many 
concurrent requesting and non-requesting users. 
[0054] Accordingly, the illustrated communications sys 
tem 300 can be considered, therefore, as either an actual 
netWork architecture or as a vieW of a netWork architecture 
from the perspective of one or more transactions or relation 
ships. For example, the communications system 300 can be 
considered as illustrating a particular opportunistic multicast 
ing relationship, in Which the user system 110 is manifesting 
its client function through its client optimiZer 120, and the 
server system 140 is manifesting its server functionality 
through its server optimiZer 150; though each can play a 
different role in a different transaction or relationship. Fur 
ther, the client-server links 152 can represent a link or set of 
links that are part of a larger netWork structure (e.g., a mesh 
netWork, peer-to-peer netWork, public Internet, etc.). For 
example, in the illustrative opportunistic multicasting rela 
tionship, a particular set of communications links in a net 
Work manifest client-server link 152 functionality (e.g., a 
persistent link) for the purpose of the relationship. 
[0055] It is further Worth noting that embodiments of the 
client-serve links 152 and the content netWork links (e.g., 
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between the server optimizer 150 and the content servers 160) 
can be implemented as various types of links having different 
and/ or changing link characteristics, including, for example, 
differences in bandwidth, latency, cost per bit, etc. For 
example, the client-server links 125 between the server opti 
mizers 150 and the client optimizers 120 can support one or 
more unicast service ?ows and one or more multicast service 

?ows for supporting unicast and multicast traf?c, respec 
tively. Further, while certain embodiments are implemented 
in the context of a satellite communications system, where the 
client-server communication link 152 includes at least one 
satellite link, other topologies and link types are possible. 
[0056] In one embodiment, the client-server link 152 
includes a satellite communications link. As described above, 
satellites can effectively broadcast all their downstream traf 
?c to all receivers that are tuned to a particular carrier, beam, 
etc. As such, unicasting or multicasting to one or more user 
systems 110 may, in fact, involve broadcasting the data over 
the “forward” satellite link and also broadcasting control data 
to direct receivers to either accept or ignore relevant portions 
of the broadcast data. The forward link includes the various 
links that bring downstream tra?ic to subscribers. For 
example, in the satellite communications system 100 of FIG. 
1, the forward link is the forward channel uplink 172 and the 
forward channel downlinks 176. By tuning into a common 
carrier, multiple terminals can concurrently receive the same 
multicast traf?c over their respective forward channel down 
links 176, thereby effectively sharing the forward link 
resources. Notably, while some system resources can be 
expended in setting up a multicast service ?ow and in related 
logistics, it “costs” the satellite communications system sub 
stantially the same bandwidth resources to send a packet to 
one user system 110 or to all user systems 110 (e.g., on a 

particular beam over a particular carrier). 
[0057] Similarly, in another embodiment, the client-server 
link 152 includes a cable communications link. For example, 
a cable company can run a cable line to a neighborhood 
aggregator, from which individual coaxial lines communicate 
last mile tra?ic to individual households. Each individual 
coaxial cable can carry all the tra?ic for the entire neighbor 
hood, even where some of that tra?ic is destined only for 
particular households. As in the satellite embodiment 
described above, since all the cable subscriber households in 
the same neighborhood effectively receive all the tra?ic band 
width resources can be shared by multicasting traf?c, where 
appropriate. Of course, satellite and cable networks are only 
two illustrative embodiments of client-server links 152. 
Embodiments of the client-server communication link 152 
can include other types of communications link that have 
limited bandwidth resources, where the bandwidth resources 
can be at least partially shared through multicasting. 
[0058] Some embodiments are described herein with 
respect to downstream tra?ic and sharing of forward link 
bandwidth resources. Similar techniques can also be applied 
with respect to upstream tra?ic and/ or sharing of return link 
resources. For example, certain media upload contexts, 
including peer-to-peer implementations, can exploit delay 
casting and/or other functionality described herein in a man 
ner that shares return link bandwidth resources. 

[0059] FIG. 4 shows a simpli?ed block diagram of an illus 
trative communications architecture 400 in which a server 
system 140 is in communication with content sources 160 and 
user systems 110, according to various embodiments. For the 
sake of clarity, the communications infrastructure 400 can be 
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considered as a client-server architecture having a client side 
and a server side. The functionality can also be considered as 
operating at a transport layer 410, a media layer 420, and a 
content layer 460. These layers are not intended to match 
traditional layers of the Open Systems Interconnection (OSI) 
model or another standard protocol or the like. Rather, the 
layers are intended only to provide a general categorization of 
functionality for added clarity and should not be construed as 
limiting the scope of embodiments. Embodiments of the con 
tent layer 460 generally include components for providing 
content data. Embodiments of the media layer 420 generally 
include components for determining how to handle the con 
tent data with regard to providing media and related services 
to subscribers. Embodiments of the transport layer 410 gen 
erally include components for handling transport of data 
between the server system 140 and user systems 110 at least 
in support of the provided media and related services. 

[0060] As illustrated, content can be communicated from 
one or more content sources 160 to one or more end-user 

devices (shown as CPE(s) 130). For example, a content 
request can be initiated by a CPE 130 and interpreted by an 
associated user system 110 for communication over the sat 
ellite communications environment 400. The user system 110 
communicates the request to a server system 140 over a 
communications infrastructure (represented by link 405), for 
example, via its user-side antenna, a satellite, and a server 
side antenna. The server system 140 can then attempt to ful?ll 
the content request by requesting and receiving content from 
one or more content sources 160. In an alternate use case, 

content can be requested by the server system 140 (e.g., on 
behalf of or not on behalf of a user system 110), for example, 
for anticipatory pre-pushing of content. In another alternate 
use case, content can be pushed from one or more content 

sources 160 and/or server system 142 to one or more user 

systems 110. 
[0061] Turning ?rst to the server system 140 functionality, 
embodiments provide and handle media and related services 
with user systems 110 over an infrastructure illustrated by 
link 405. As discussed above, the link 405 can represent a 
satellite communications infrastructure or any other band 
width-limited infrastructure in which forward link sharing 
can be exploited (e.g., through multicasting or the like). For 
the sake of simplicity, embodiments are described with ref 
erence to a satellite communications infrastructure. The 

server system 140 is illustrated as a distributed architecture, 
with functionality spread between gateways 165, core nodes 
425, and media cloud services 410. In one illustrative 
embodiment, gateways 165 are geographically distributed, 
and each includes one or more base stations for handling 
communications over one or more spot beams and/or carriers. 

Each of multiple gateways feeds into one or more core nodes 
125 of a backhaul network. Each core node 425 can then have 
high-bandwidth, high-reliability connections to the Internet, 
allowing effective implementation of certain services in the 
“cloud” (e. g., multiple distributed servers in communication 
over the Internet), illustrated as media cloud services 440. 

[0062] It can be desirable to move certain types of function 
ality upstream. For example, size, servicing, and/or other 
features can limit the practical amount of processing available 
in downstream components, such as base stations and gate 
ways 165. Accordingly, it can be more practical to move 
resource-intensive processing functions to core nodes 425 
and/or to the media cloud services 110. Additionally, certain 
types of determinations can be made better when more infor 
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mation is available from across larger segments of the net 
work. For example, determinations of content popularity can 
bene?t from information gathered across multiple carriers on 
multiple spot beams. This type of information can be more 
readily available to components that are further upstream, 
such that performance of related functionality by upstream 
devices can be bene?cial in certain cases. 

[0063] For the above and/or other reasons, it can be desir 
able to implement functionality described herein in context of 
distributed architectures, like the one illustrated in FIG. 4. 
HoWever, many alternative architectures are possible. For 
example, it can be desirable in certain contexts to push some 
or all of the functionality shoWn in the media layer 420 into 
components of a gateway 165 or other device. Alternatively, 
embodiments implement substantially all the functionality 
using media cloud services 440 in direct communication With 
a gateWay 165 or other transport layer 410 component. 
Accordingly, functionality described herein should not be 
construed as relying on a particular architecture, except 
Where indicated. 

[0064] In any of these or other architectures, various types 
of data can be communicated upstream and/ or doWnstream to 
facilitate functionality by different components, at different 
layers, etc. For example, the communications subsystem 412 
can monitor actual present usage and conditions of the link 
405 With respect to user systems 110, Which it can commu 
nicate periodically to the upstream server optimiZer 150. The 
server optimiZer 150 can use this data to determine When and 
hoW to opportunistically multicast data. Data relating to these 
determinations can then be passed back to the communica 
tions subsystem 412 for use in determining appropriate trans 
port protocols, link scheduling, and the like. 
[0065] As illustrated, the server system 140 interfaces With 
link 405 via at least a gateWay 165. Embodiments of the 
gateWay 165 implement functionality of a communications 
subsystem 412. Embodiments of the communications sub 
system 412 are con?gured to handle upstream and doWn 
stream communications With the service provider’s commu 
nications system, for example, a satellite communications 
system via one or more server-side antennas. Implementa 
tions perform various functions, including, for example, 
encoding (e.g., adaptively), decoding, modulating (e. g., 
adaptively), demodulating, applying or processing error cor 
rection techniques, baseband encapsulating, frame creation, 
etc. (e.g., using various modcodes, lookup tables, etc.). Other 
functions can include upconverting, amplifying, ?ltering, 
tuning, tracking, etc. Embodiments of the communications 
subsystem 412 include modem termination functionality for 
receiving modem tra?ic over the satellite link from users, for 
example, con?gured as a satellite modem termination system 
(“SMTS”), 
[0066] Data or content requests received over the satellite 
communications system (e.g., from user systems 110) are 
passed from the communications subsystem 412 to one or 
more functions of the server optimiZer 150 for processing. As 
illustrated, this can involve passing communications from a 
gateWay 165 to its core node 425. Embodiments of the server 
optimiZer 150 includes a media server 432, an intercepter 
434, a request handler 442, a storage manager 444, and an 
account manager 446. In one embodiment, the media server 
432 and intercepter 434 are implemented in the core node 
425, While other functions of the server optimiZer 150 are 
implemented in the media cloud services 440, though other 
module con?gurations and arrangements, data ?oWs, etc. are 
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possible according to other embodiments. In some embodi 
ments, real-time types of data (e.g., User Datagram Protocol 
(“UDP”) data traf?c, like Intemet-protocol television 
(“IPTV”) programming) are routed only through certain 
functional blocks according to certain ?oWs, While non-real 
time types of data (e.g., Transmission Control Protocol 
(“TCP”) data tra?ic, like Web video) are routed through dif 
ferent functional blocks according to different ?oWs. Various 
embodiments of the server optimiZer 150 provide various 
types of application, WAN/LAN, and/or other acceleration 
functionality, including resource optimiZation and subscriber 
handling functions. In certain embodiments, the server opti 
miZer 150 implements functionality of AcceleNet applica 
tions from ViaSat, Inc. This functionality can be used to 
exploit information, for example, from application layers of 
the protocol stack (e. g., layers 5-8 of the IP stack) through use 
of softWare or ?rmWare operating the user system 110 (e. g., in 
the user systems 110 and/or the CPE(s) 130). 

[0067] In some embodiments, the server optimiZer 150 is 
adapted to provide high payload compression. This alloWs 
faster transfer of the data and enhances the effective capacity 
of the netWork. The server optimiZer 150 can also implement 
protocol-speci?c methods to reduce the number of round trips 
needed to complete a transaction, such as by prefetching 
objects embedded in HTTP pages. In other embodiments, 
functionality of the server optimiZer 150 is closely integrated 
With the satellite link through other components, like com 
munications subsystem 412, etc., to reduce doWnload and/or 
upload bandwidth requirements and/or to more e?iciently 
schedule to the satellite link. In some embodiments, the server 
optimiZer 150 is implemented With multiple server optimiZ 
ers 150. Each of the multiple server optimiZers 150 can be 
con?gured to handle a portion of the tra?ic passing through 
the server system 140. It is Worth noting that functionality of 
various embodiments described herein use data Which, at 
times, can be processed in a distributed fashion. As such, one 
or more server management modules (not shoWn) or the like 
can be provided for processing (e. g., tracking, routing, parti 
tioning, etc.) data across the multiple server optimiZers 150. 
For example, When one server optimiZer 150 receives a 
request from a user, the server management module can pro 
cess that request in the context of other requests received at 
other server optimiZers 150. In one embodiment, coordina 
tion betWeen server optimiZers 150 is implemented in support 
of singular storage of data. For example, it can be desirable to 
avoid caching the same byte sequence tWice in tWo server 
optimiZers 150 that are in communication With each other. In 
another embodiment, server optimiZers 150 are con?gured to 
communicate to facilitate the identi?cation of opportunities 
for performing optimization functions including those 
described herein. 

[0068] Requests and/or other content received at the server 
system 140 can be intercepted by the intercepter 434 to deter 
mine appropriate handling. In some cases, tra?ic intercepted 
by the intercepter 434 is passed to and processed by the 
request handler 442. Embodiments of the request handler 442 
make various types of determinations, such as What type of 
content is being requested or processed or What type of 
request is received. In some embodiments, the request han 
dler 442 is con?gured to analyZe tra?ic to parse requests, 
analyZe packet headers, and the like. In other embodiments, 
the communications subsystem 412 performs some or all of 
those functions, so that the request handler module 442 
receives data that is ready for processing. 
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[0069] Some embodiments of the request handler 442 cat 
egoriZe content in various Ways and handle the content 
according to the classi?cation. For example, “cacheable” 
content (or “public-type” content) is used herein to broadly 
include types of content that can be consumed by more than 
one subscriber, such as software updates, movies and televi 
sion shoWs (for doWnload or streaming), music (for doWnload 
or streaming), e-magaZines and e-books, blogs, podcasts, 
large-?le and popular Web content, large-?le and popular 
advertisements, Web videos, substantially real-time video 
streams (of sporting events, fashion shoWs, political 
addresses, etc.), etc. “Non-cacheable” content (or “private 
type” content) is used herein to describe content intended for 
and likely to be used only by one subscriber, such as emails, 
short-form communications (e.g., instant messages, chats, 
SMS and MMS texts, tWeets, and the like), voice over Internet 
Protocol (VoIP) communications, videochat and video con 
ferencing sessions, personal shopping and banking transac 
tions, tWo-party conferencing sessions, etc. 
[0070] Embodiments identify content as “delayable” in 
various Ways. As used herein, “delayable” content generally 
refers to some or all of a content object (e.g., a content ?le, 
data blocks or packets of a content ?le, a set of related content 
?les, etc.) determined to be a valid candidate for opportunis 
tically delayed delivery to one or more subscribers. Typically, 
the opportunistic delivery coincides With opportunistic stor 
age of the delayable content at storage local to the receiving 
subscriber’s user system 110 (e.g., the subscriber’s home 
CDN 125). Generally, delayable content is a subset of cache 
able content. For example, it may not provide bene?t to 
opportunistically delay delivery of content that is likely to be 
used by only one user, particularly Where the content is of a 
substantially real-time nature (e.g., real-time or near-real 
time communications). Notably, determination that content is 
delayable does not necessitate delaying delivery of the con 
tent. Some implementations can delay delivery of delayable 
objects automatically, While other embodiments can delay 
delivery of delayable objects only When additional criteria are 
met. 

[0071] Various techniques can be used to determine 
Whether content is delayable. In some implementations, con 
tent objects that are cacheable and larger than some threshold 
siZe are determined to be delayable. For example, a large ?le 
representing video data for a neW release movie can be both 
cacheable and above a threshold siZe. In other implementa 
tions, content objects are determined to be delayable accord 
ing to an associated ?le type. For example, it can be desirable 
to consider all streaming video ?le types as delayable, all 
VoIP data as non-delayable, etc. In yet other implementa 
tions, content objects are determined to be delayable accord 
ing to an associated originating content source 160. For 
example, it can be desirable to consider all data as delayable 
When it originates from a particular CDN, a particular media 
streaming or large-format media delivery Website, etc. 
[0072] In still other implementations, content can be 
explicitly identi?ed as delayable by a content server 160, the 
server system 140, or a user system 110. Certain embodi 
ments alloW subscribers to decide Whether to receive 
requested content at the time it is requested, to delay receipt of 
the requested content, and/or to receive similar content noW 
or later. When a subscriber opts to delay receipt of the 
requested content, an indication can be communicated from 
the subscriber’s user system 110 to the server system 140, 
causing the request handler 442 identify the requested content 
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as delayable content. Each of these and other selections can 
impact hoW requests are processed, content that is requested 
from content servers 160 and/ or delivered to the user systems 
110, affects on one or more subscribers’ accounting, etc. 

[0073] In some embodiments, the request handler 442 
includes functionality of or is in communication With the 
account manager 446. In some implementations, each sub 
scriber or groups of subscribers have contractual relation 
ships With the communications services provider. For 
example, subscribers can be associated With a plan that guar 
antees them a certain amount of resources (e. g., a total band 
Width consumption cap per month) for a certain price. Various 
plans can be offered, and various interactions can affect plan 
pricing, content delivery, etc. For example, subscribers can be 
able to pay extra for certain content (e. g., on-demand movies, 
pay-per-vieW events, etc.) or make decisions that reduce the 
impact of content delivery on their caps. 
[0074] In one embodiment, the account manager 446 col 
lects data from multiple components to determine hoW much 
netWork usage to attribute to a particular user. For example, 
the account manager 446 can determine hoW to count upload 
or doWnload tra?ic against a user’s fair access policy (FAP). 
In another embodiment, the account manager 446 dynami 
cally adjusts FAPs according to various netWork link and/or 
usage conditions. For example, the account manager 446 can 
adjust FAPs to encourage netWork usage during loWer traf?c 
times. In yet another embodiment, the account manager 446 
affects the operation of other components of the server system 
140 as a function of certain FAP and/or other accounting 
conditions. For example, the account manager 446 can direct 
the communications subsystem 412 to multicast certain types 
of data or to prevent certain users from joining certain mul 
ticast streams as a function of PAP or other considerations. 

[0075] There are many Ways to account for subscriber 
usage and to affect that accounting. For example, as described 
above, different types of subscriber interactions With the com 
munications infrastructure and various types of content can 
be accounted for With respect to the user’s FAP, bandWidth 
usage, bandWidth provisioning, service fees, etc. Accord 
ingly, references herein to a “hit to a user’s FAP,” a “hit to a 
user’s bandWidth cap,” and “account hit,” or other similar 
phrases are intended generally to include any type of account 
ing related and/or resource-provisioning related impact to a 
subscriber. 

[0076] According to some implementations, various fac 
tors result a determination as to Whether data is unicast or 
multicast. For example, all non-cacheable data and Watch 
noW cacheable data is unicast, and all other data is multicast. 
Any unicast data is counted against the subscriber’s plan. For 
multicast data, different approaches are available. According 
to some approaches, multicast data is counted at a reduced 
rate or is offered for free. According to other approaches, 
multicast data is priced according to When it is used and/ or by 
hoW many subscribers. 
[0077] It is Worth noting that embodiments of the account 
manager 446 can be used to facilitate many different types of 
functions relating to subscriber accounts. Some embodiments 
keep track of subscriber usage and subscription limits, and 
notify other components of the server system 140 accord 
ingly. Other embodiments handle subscriber credentials, 
digital rights management issues, and/ or the like to police the 
types of content that can be received from and/or sent to 
subscribers. For example, a subscriber can request a content 
channel only available to certain subscription levels, content 
























